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We present the preliminary results of an exploratory study of heavy baryon spectroscopy, using the O(a)-
improved fermionic action. Estimates of masses and splittings at the charm and beauty physical limit are reported.
The study of heavy avours on the lattice is
proving to be a fruitful eld of investigation,
although, so far, it has been restricted to the
mesonic sector [1]. We have recently begun to
explore the possibility of studying Heavy Baryon
spectroscopy, which is not only interesting per se,
but is also a necessary step in the computation
of baryonic weak matrix elements. Only baryons
containing a single heavy quark have been consid-
ered. They are listed in tab. 2, together with their
quantum numbers and those of their light degrees
of freedom. We have computed the correlation
function of the operator O
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where l; l
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; h are the elds of the light and the
heavy quarks respectively, and C is the charge
conjugation matrix. At large t and for t < T=2,
the correlation function
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gives the mass of the  and  baryons. The op-
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has also been con-
sidered. Its 2-pt function
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is given by the superposition of the spin s = 1=2
and s = 3=2 contributions. At rest, the signals
of the spin doublets (;

); (
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;
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)
can be separated using the two projectors [2]
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The unphysical degrees of freedom, present since
@
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6= 0, contribute only to G
00
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0; t). We have
Figure 1. Eective mass for the  baryon, at

h
= 0:129 and 
l1
= 
l2
= 0:14144. Comparison
between SL and SS cases.
generated gauge congurations and quark prop-
agators with the parameters presented in tab. 1,
adopting the Jacobi [3] smearing method, at the
source (SL) or at both the source and the sink
(SS). From the ts we have evidence that the
SS 2-pt functions are less correlated and give
more stable results. A typical t to the , see
g. 1,would give an error of about 1% on the mass
and a correlated 
2
=dof = 0:8. Similarly, for the
 we nd 
2
=dof = 1:0, though the mass is mea-
sured with a slightly larger error. Hence, all the
numbers quoted in the following have been ob-
tained by tting the SS correlators, in t 2 [15; 23].
In this exploratory study only a restricted set of
quark masses has been considered. Therefore, ex-
trapolations have been modelled by simple linear
behaviours both in the light quark masses, to the
2chiral and strange limit, and in the heavy quark
mass to the charm and beauty limit. In g. 2 we
show that the extrapolations are very smooth.
The measured masses, presented in tab. 2, de-
pend linearly on the lattice spacing and they in-
clude an implied uncertainty represented by the
factor a
 1
=(2:7 GeV) The charmed baryon masses
compare well with the experimental measure-
ments. The beautiful ones, on the other hand, are
aected by large errors. This is due to the fact
that the heavy extrapolation relies on the only
two 
h
values we have computed so far, which lie
far away from the b-quark limit. The extraction
Figure 2. Extrapolations of the  baryon, to the
chiral limit (solid line) and to the heavy quark
mass (dashed line).
of mass splittings is delicate since they decrease
with the heavy quark mass and, in this study, are
expected to have the same size (few tens of MeV)
as our statistical errors. The splittings seem to
be very sensitive to the extrapolation procedure,
therefore we can only achieve semiquantitative re-
sults for the beauty sector.
The M

 M
P
splitting has been computed as
a function of the pseudoscalar mass M
P
, and ex-
Dataset Action Light  Heavy 
60 cfgs Improved 0.14144/14144 0.121
24
3
 48 refs. [5,6] 0.14144/14226 0.129
 = 6:2 0.14226/14226
Table 1
Parameters adopted in the present simulation.
trapolated linearly:
(M

 M
P
) = A+
B
M
P
:
To estimate the slope with the smallest possible
uncertainty, we have tted the double ratio of the
correlation functions of the ; h(
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The increment of the splitting (M
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extracted from the previous expression, in which
some of the uctuations are expected to cancel,
This way, at xed value of the light quark mass
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Having obtained A and B at xed values of the
light quark masses, we extrapolate the result to
the chiral limit. In g. 3, we plot the splitting at
xed 
h
, at the chiral limit, computed by consid-
ering the dierence M

 M
P
, and the extrapola-
tion to the physical limit, obtained by using our
estimates of B and A. We note that the extrapo-
lation of the splitting reproduces remarkably well
the UKQCD static point [7]. In ref. [8], the values
of the splittings obtained with Wilson fermions
are reported and compared with ours.
We would like to mention that a similar analy-
sis for the M

 M
av
, where by M
av
we mean the
spin-averaged meson mass, has been performed.
In this case the discrepancy between lattice esti-
mates and experimental values is slightly larger.
Our estimates for the splitting at the physical c-
and b-quark masses are reported in tab. 3. We
prefer to compute the ratio of the splittings to
the sum of the masses, to deal with dimensionless
quantities. TheM

 M

splitting, see also tab. 3
has been analyzed adopting the same procedure.
Although, in this case, the size of the error bars
greatly reduces the quantitative interpretation.
Finally, we report results on the mass split-
tings of the spin doublets, at the charm mass.
M
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Content Exp. Latt. Exp. Latt.
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(0)(0) 0
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(ud)h 2285 2334
+48
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 51
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 73
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3
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 80
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1
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+
(0)( 2) 1
+
(ss)h 2740 2688
+47
 38
  5880
+130
  70



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3
2
+
(0)( 2) 1
+
(ss)h   2654
+52
 33
  5870
+130
  70
Table 2
Heavy Baryons considered in this project. We have listed the relevant quantum numbers of each baryon
and those of its light degrees of freedom. Our determination and the available experimental data are
reported.
Figure 3. M

 M
P
mass splitting, at the actual

h
considered (), and at the physical masses
(2). The UKQCD static point (), and the ex-
perimental determinations () are also shown.
to experimental determination. With the present
error bars, we cannot tell if this is a statistical
eect or rather a systematic one. If the latter is
the case, this situation resembles the one which is
well known in the case of the pseudoscalar-vector
splitting, see refs. [9,10].
A lattice study of heavy baryons is certainly
feasible. We get good signals for the correlation
functions, even if the size of the errors and the sys-
tematic uncertainties, call for a better control of
the extrapolations, in particular for small quan-
tities, like mass splittings. However, an accurate
measure of mass splittings is not a necessary pre-
condition for studying weak matrix elements.
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 27
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Exp. 61 - -
Table 3
Summary of results for several mass splittings.
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